Severe malaria is a major contributor to ~ilo.ihood mortality in sub-Saharan Africa.1 Work in Ken~~ has allowed the original, complex criteria for identificatiOU' l"\f children at risk of diying to be simplified to two clinil al $yndromes: coma (the inability to localize a painful stimUliu:; \ and respiratory distress.2 Coma or cerebral malaria h1a~ been wellcharacterized in African children,3.4 although the pathogenesis rem;iins unclear. However, the syndrom~ of respiratory distress, which is associated with a 15% ml'nality.; has re-" ceived little attention, although its use as tho::' ma.ior indication for transfusion in children with anerni;!. in a malariaendemic area has been advocated.s Thus, respiratory signs frequently accOInl;"\3ny both outpatientb. ., and inpatient malaria yet respirat\. '1~~ distress remains a subjective diagnosis with no strict ~t1nition.
In severe malaria, anemia respiratory signs are ~,"\metimes considered to result from congestive cardiac faill.Jre ." " However, there arl~ other possible causes of respiratC'r-.' distress and recent studies have identified one in partic~~r.
acidosis, as an important indicator of poor outcome in se"ere malaria.2.10 Therefore, in an attempt to define respirar,"\r~ distress in terms of its component clinical signs, and t',"\ determine its relationship with underlying acidosis, we ha"e prospectively collecte,:! historical, clinical, and laborator~ information on all admissions with severe malaria to the ~diatric ward of a Kenyan district hospital. The ability of the syndrome of respiratory distress and the individual clini, al signs to predict outcome among children with severe n1alaria has also been determined. ted to the malaria research ward. For the purposes of deciding to admit a patient to the research ward, clinicians were asked to decide whether, in their opinion, any element of respiratory distress (which could include congestive cardiac failure) was present. On admission, they were asked to indicate on a checklist respiratory symptoms and signs that were present, including signs that we and others have previously considered to be associated with poor outcome: nasal flaring, indrawing (recession), and deep breathing or signs of pulmonary edema.2. 4. s Severe anemia (hemoglobin [Hb ] :$ 5 g/dL) and falciparum parasitemia was not, by itself, taken to indicate severe malaria.
Detailed historical and examination proformas were completed for all admissions with a clinical diagnosis of severe malaria after examination of blood films but before the results of other laboratory investigations were avaii~ble. Easeline investigations performed on site included full blood count, thick and thin blood films Giemsa-stained and counted for asexual forms of P. falciparum (per 100 white blood cells or 500 red blood cells), blood culture, and venous blood gas (CIEA Corning Diagnostics Ltd., London, United Kingdom). Chest radiographs were performed if coexistent pneumonia was suspected. In all children with respiratory distress, an attempt was made to obtain one arterial blood gas measurement while breathing air.
Children in a coma were treated with either intravenous quinine or intramuscular artemether follwed by pyrimethamine/sulfadoxine (Fansidar@; Hoffmann-LaRoche, Easel, Switzerland) when aparasitemic and able to drink as part of a randomized, controlled trial.11 Those not in a coma were treated with quinine. Transfusion was at the discretion of the admitting clinician but was, in general, given for severe anemia (Hb :$ 5 g/dL) accompanied by either any degree of respiratory distress or hyperparasitemia (2: 200/c peripheral parasitemia). Data were double-entered and verified using Foxpro 2 software (Foxpro Holdings, Microsoft Corp., Redmond, WA) prior to analysis with SPSS@ (SPSS, Inc., Gorinchen, The Netherlands).
METHODS
The .:linical staff of the Kenya Medical R~search Institute (KEMPJ) provided 24-hr medical cover for .all pediatric admissions to Kilifi District Hospital on the K~nyan coast over a 15-month period from July 1993 to Sept~mher 1994. All childre'[1 with a positive blood film for Pl,L.'imodium falciparum and one or more of the following .:Iinical features. coma or prostration. hyperparasitemia (~ ~O% of the red blood (;ells parasitized). or respiratory dis~ss. were admit- There were 423 children with P. falciparum parasitemia who met the previously defined clinical criteria of severe malaria on admission. However, 10 children admitted in critical condition died before the admission procedure was completed. An additional 63 children were excluded when more historical information or the results of investigations indicated the presence of a second, significant pathology including lobar ,)neumonia on chest radiograph, meningitis, septicemia, accidental poisoning, congenital heart or renal disease, preceding developmental delay, or epilepsy. Thus, data on 350 children (82.5% of those initially enrolled) are presented.
The clinical categories of children enrolled are displayed in Table 1 . A total of 185 (53%) children were female and 30 children (8.5%) died. The mean ages (interquartile ranges) of the I:linical groups were the following: for those that died 29 (7, 34) months, those with cerebral malaria alone 39 (26, 48) rl1Ionths, those with respiratory distress 19 (7.27) months, those with cerebral malaria and respiratory distress 26 (11. 31) months, and others 34 (17, 44) months. Of the respiratory signs examined, bronchial breathing and wheeze were recorded as present in :$ 2% and have therefore not been furthf~r analyzed. Symptoms and signs associated with the recorded diagnosis of respiratory distress are presented in Table 2 . A history of dyspnea, observed nasal flaring, or deep breathing (Kussmaul's respiration) are highly sensitive and specifically associated with the summary diagnosis of respiratory distress. Severe indrawing, crackles, and the presence of a murmur are also highly specific but a lack of sensitivity limits their usefulness.
Respiratory distress was strongly associated with poor outcome, being present on admission in 23 of the 30 children who subsequently died ( Table 3 ). The individual clinical signs, nasal flaring, deep breathing, and indrawing had similar positive and negative predictive values for outcome as respiratory distress while deep breathing and nasal flaring .were almost as sensitive. This largely reflects their high rate of concurrence (Table 4) . However, the relative risk of death attached to an individual sign was less than that attached to the summary diagnosis of respiratory distress. Severe metabolic acidosis (base excess :S -12) was also strongly associated with death in the 299 children in whom blood gases were measured (relative risk = 8.0, 95% confidence interval In these 299 children, both respiratory distress and deep breathing were highly sensitive (91% and 91 %, respectively), highly specific (83% and 81 %, respectively), and po~'-erfully predictive (positive predictive values = 0.81 and 0.83 and negative predictive values = 0.91 and 0.91, respectively) for the presence of severe metabolic acidosis with a base excess :S -12. The sensitivity and specificity of these clinical features for different degrees of acidosis are shown in Figure 2 . These data imply that mild degrees of metabolic acidosis are not reliably identified by clinicians (low sensitivity) although an incorrect clinical diagnosis of metabolic acidosis is uncommon in children who are not acidotic (high specificity). As metabolic acidosis becomes more severe, cli- nicians correctly identify it (higher sensitivity). The decrease in specificity when true acidosis is arbitrarily defined as a base excl~ss :S -15 demonstrates that clinicians believe that children with a metabolic acidosis characterized by a base excess Mtween -12 and -15 (false-positives) have clinical signs of ;acidosis.
Of the 119 children admitted with respiratory distress, an arterial blood gas sample was taken within 4 hr of admission in 73 (61%). Of these, only three had an arterial pO2 < II kPa ( < 82 mm of Hg) while breathing air. One severely acidotic (base excess = -13.6) child had a pO2 of 10.3 kPa (77 mm of Hg), nasal flaring, deep breathing, severe indrawing, no crackles, and a normal chest radiograph on admission. An additional child with neither severe anemia nor acidosis had a pO2 of 6.4 kPa (48 mm of Hg). marked tachypnea (respiration rate = 100), crackles, indrawing, and a normal chest radiograph on admission. Both of these children had very high admission parasitemias ( 10% and 29% of the red blood cells parasitized, respectively). The third was critic:ally ill on arrival with a Blantyre coma score of 0, a severe ;metabolic acidosis (pH 6.70), and a pO2 of 7.3 kPa (55 mm of Hg). This child had indrawing, flaring, and deep breathing but no crackles. The child died before a chest radiograph could be performed. The cause of hypoxemia in these children remains undetermined although a direct effect of parasite sequestration in the lungs cannot be excluded.
and that respiratory distress indicates its presence. This study confirms the hypothesis and demonstrates that acidosis is a frequent accompaniment of respiratory distress in severe malaria. However, the inability of a sign or signs to replicate exactly the performance of respiratory distress indicates that additional factors prompt clinicians to record this subjective observation. Despite this, a single objective sign, deep breathing, which is highly sensitive and specific for the presence of severe metabolic acidosis, the major pathophysiologic abnormality, could be used to replace the summary diagnosis respiratory distress.
This finding is potentially important for a number of reasons. First, in the majority of settings in which severe malaria is managed, acid base status cannot be assessed in the laboratory. A sensitive and specific clinical sign would therefore be useful not only in diagnosis and subsequent management but in rapidly assessing the contribution of acidosis to malarial morbidity in areas where transmission pressure and thus disease pattern vary.12 Second, it may be possible to use deep breathing to single out children with malaria who require urgent treatment from the much more prevalent but less critical presentation with respiratory signs such as tachypnea. Third, as a single sign it might overcome the diagnostic problem of overlap between acute, severe respiratory infection (ARI) and the syndrome of malarial respiratory distress, with the two other informative signs in this study, nasal flaring and indrawing, being common in DISCUSSION In recent studies of malaria-related morbidity and monality in endemic areas with both low and high transmjssion, respiratory distress has proven to be an imponant indicator of outcome.2. 5 The subjective, summary term respiratory distress, unlike pulmonary edema or congestive cardiac failure. does not imply a specific etiology. However, our previous observati,Jns and those of other workerslo led us to suspect that the development of metabolic acidosis is a fundamentally imponant pan of the pathophysiology of severe malaria The high mortality associated with respiratory distress, the prominence of deep breathing and underlying acidosis, the relative lack of evidence for hypoxemia, and the limited value of signs associated with congestive cardiac failure (tachypnea, tachycalfdia, crackles, and hepatomegalylS) suggest that the pathogenesis of respiratory distress in malaria needs to be reconsidered. This may have major implications for management. }~Ithough 25 children who died in this study met the criteria for cerebral malaria, only seven of them had coma as the sole clinical feature. An additional six deaths occurred in children with respiratory distress alone and 18 8°ccurred in children with both coma and respiratory distress.
Given the prevalence of respiratory distress and acidosis and the extremely high mortality when associated with coma (44% in this series), we suggest that measures aimed at treating the cause of acidosis may be an important part of management in maJrly critically ill children with cerebral malaria. Such .management may require interventions no more sophisticated than the appropriate use of transfusion and intravenous fluids in the majority of children. 16 We have confirmed previous observations from Malawi that acidosis i~i common and associated with a poor prognosis in seven: malaria.1o We have shown that in Kenyan children with ~;evere malaria, deep breathing is a sensitive and specific sign of underlying acidosis and furthermore that . a high level 01' observer agreement can exist for its detection.14 Thus, a single clinical sign, deep breathing, might replace the sulnrnary diagnosis of respiratory distress, and even in hospitals with very limited resources, aid the identification of acidotic children who require urgent intervention. Deep breathing now warrants further prospective evaluation as a si~:n capable of distinguishing severe ARI and emalarial respiratory distress and as a screening sign for highrisk pediatric admissions in malaria-endemic areas of different transmissic,n intensity.
